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made therefrom. 



© The water-base coating formulation comprises as essential components (a) microcapsules which have a 
synthetic resin as a wall-forming material and (b) a reaction product obtained by polymerizing at least one water- 
soluble vinyl monomer (B) in the presence of a high polymer latex (A) having a glass transition point of 60 C or 
lower. The latex (A) and vinyl monomer (B) are used at a solid weight ratio of 3:97 - 90:10. The coating 
formulation can provide a microcapsule-coated layer having significantly-improved pressure resistance and 

^frictional stability without need for a stilt, and can be applied successfully at a high speed. The coating 

^formulation can form the basis of carbonless copying and/or recording paper for instance of self-contained 

00 character incorporating both a dye precursor and a color developer. 
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MICROCAPSULE-CONTAINING WATER-BASE COATING FORMULATION AND COPYING AND/OR RECORD' 

ING MATERIAL MADE THEREFROM 



This invention relates to a microcapsule-containing water-base coating formulation and a copying and/or 
recording material prepared therefrom. More specifically, this invention relates to a microcapsule-containing 
coating formulation suitable for use in the production of a microcapsule-using copying and/or recording 
material having significantly-improved quality and productivity. The copying and/or recording material 
5 obtained by using the water-base coating formulation also forms part of this invention. 

The history of microencapsulation goes back to the microencapsulation process founded on the gelatin 
wall complex coacervation technique, which was developed by The National Cash Register Company as a 
result of an intensive research over many years. Use of such microencapsulation techniques has been 
extensively tried in a wide variety- ofapplicatioo-fi elds such as recording. ji>aterials_e.g. pressure-sensitive 
jo recording materials; pharmaceutical products; perfumes; temperature-indicating materials led by liquid 
crystals; foods; agricultural and horticultural chemicals; dyes; solvents; rust inhibitors; health-promoting 
foods, etc., leading to practical use of various products or tests therefor. 

A number of proposals have been made, especially, for microcapsules of hydrophobic materials (oily 
materials and/or soiids). The coacervation process (phase separation process) making use of gelatin among 
15 the above proposals is practiced on a commercial scale mainly for carbonless copying paper. 

However, microcapsules which are obtained by the complex coacervation process making use of gelatin 
and an anionic electrolyte of a high molecular weight are accompanied inter alia by the following problems: 

1) Since it is difficult to obtain microcapsules having a solid content higher than 20% due to the 
mechanism of the coacervation process, the microcapsules have low productivity per unit volume and 

20 require high transportation cost and when used as a coating material for carbonless copying paper and the 
like, a great deal of water has to be evaporated for drying the coated materials, leading to serious problems 
which still exist concerning the efficiency of coating work and energy costs. 

2) Since the coacervation process employs a natural material for the formation of microcapsule walls, 
their quality and price are susceptible to great fluctuations. 

25 3) Since the microcapsules tend to undergo putrefaction and coagulation subsequent to their 

preparation, they are not suited for long-term storage. 

There is thus a strong demand for improvements and solutions to such problems. 
Improved techniques which are purportedly said to meet such a demand, have been proposed, such as 
a process for the preparation of microcapsules from a urea-formaldehyde resin as a wall-forming material 

30 and a process for the preparation of a microcapsule slurry from a melamine-formaldehyde resin as a wall- 
forming material. Slurries of microcapsules of hydrophobic materials, which make use of these synthetic 
resins as wall-forming materials, have relatively high solid contents (30 - 50 wt.% or so) compared with 
microcapsule slurries obtained by the complex coacervation process and are thus excellent from the 
viewpoint of work efficiency and energy saving. 

35 Microcapsules having high solid contents and superb quality have also been disclosed, Including those 
obtained by using, as wall-forming materials, amino-aldehyde resins (urea-formaldehyde resins, melamine- 
formaldehyde resins, melamine-urea-formaldehyde resins, etc.) each of which features use of at least a 
multi-component copolymer consisting as essential components of three or more acrylic monomers 
selected from (A) acrylic acid and/or methacrylic acid, (B) acrylonitrile and/or methacrylonitrile and (C) 

40 acryiamidoalkyl-sulfonic acid and/or sulfoaikyl aery late, as an anionic water-soluble high polymer material. 
The above microencapsulation technique can provide microcapsule slurries of solid contents ranging from a 
low solid content to a super high solid content in excess of 60% while still maintaining their viscosities at 
low levels. 

Microcapsules making use of the various above-noted synthetic resins as wall-forming materials, 
45 especially, aminoaldehyde resins as wall-forming materials, generally enjoy such advantages compared with 
coacervation capsules that they have higher solid contents, are excellent in terms of the denseness of their 
* walls and are less susceptible to putrefaction or coagulation during their storage. 

Microcapsules obtained in the above-described manner are generally of the pressure-rupturable type. 
Accordingly, when a liquid is used as a core material for the microcapsules, the microcapsules are 
so susceptible to rupture due to pressure or frictional force during the preparation, finishing, selection and 
printing of base materials such as paper sheets coated with the microcapsules or their usual handling and 
applications so that they may develop smudges or their storability may be reduced. To cope with this 
problem, a water-base coating formulation is prepared for coating the microcapsules on a base material. 
The formulation comprises a microcapsule slurry, and a stilt as a protective or buffer material for the 
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microcapsules and a binder, which is generally soluble or dispersible in water, are mixed in the slurry. Such 
a water-base coating formulation is then applied on a base material such as paper web, usually by various 
coating methods (for example, by means of an air-knife coater and bar coater) or by printing methods, 
followed by drying. . 

The stilt can be glass beads, finely-ground cellulose fibers (cellulose powder), ungelatmized starch 
particles (e.g.. wheat starch, potato starch, pea flour starch) or the like, as is known. Generally, these stilts 
are inert particles somewhat larger (usually, 10-30 urn) than microcapsule particles. 

The stilt is mixed along with the other additive, namely, a binder, for example, a starch derivative (e.g.. 
oxidized starch, esterified starch, etc.). a water-soluble high polymer material (e.g., polyvinyl alcohol, 
carboxymethylcellulose, hydroxyethylceliulose, acrylic acid base polymer, etc.) or a water dispersible 
synthetic resin binder (e.g.. various synthetic rubber latexes, vinyl acetate base emulsions, acrylic emul- 
sions, etc.) in a microcapsule slurry to prepare a water-base coating formulation. 

In order to prepare carbonless copying and/or recording materials for example, such a water-base 
coating formulation may have a weight composition such that it contains 10-100 parts by weight of the stilt 
and 1 - 50 parts by weight of the binder per 100 parts by weight of the solid content of the microcapsules. 

Taking by way of example pressure-sensitive copying paper, which constitutes the greatest application 
field for such microcapsules, one of its constituent members, i.e., a CB-sheet has heretofore been prepar d 
by coating a water-base coating formulation such as that mentioned above on a base material, e.g. by 
means of an air knife or the like and then drying the thus-coated base material. Microcapsules are the 
principal component of the formulation, and they enclose as a core material a high boiling hydro phobic 
solvent with a triallyl-methanephthalide derivative or fluoran derivative dissolved therein. On the other hand, 
the other constituent member, i.e.. CF-sheet is coated with a color-developing agent on the face or faces 
which oppose the CB-sheet(s) when combined together. These coated surfaces are obtained by applying 
their respective high-density and high-viscosity coating formulations, the solid contents of which generally 
25 range from 50 to 70 wt.%, by means of a high-speed coating machine such as a blade coater, roll coater or 
gravure coater. As already known in the art, water-base coating formulations are supposed to have relatively 
low viscosities of about 10 - 500 cps (0.01 • 0.5 Pa s) and relatively low concentrations (solid contents) of 
approximately 20 - 45% for their application on air-knife coaters. The upper limit of their coating speed is 
said to be 100 - 400 m/min or so. 
30 On the other hand, water-base coating formulations containing a color-developing agent generally have 
solid contents of 50 - 65% and viscosities of 200 -5,000 cps (0.2 - 5 Pa s) and their coating speed is as 
high as 400 - 1.000 m/min. Under these circumstances, there is a significant difference in productivity 
between the respective coating steps for a coating formulation of microcapsules and for its corresponding 
coating formulation of a color-developing agent. It is hence a common desire in the present field of art to 
35 improve the productivity of the coating step for microcapsule-containing coating formulations. 

The following two reasons may be mentioned as major causes which have prevented improvements in 
productivity through high-concentration and high-speed coating of water-base coating formulations of 
microcapsules: 

1) It was difficult by conventional microencapsulation techniques to obtain a microcapsule slurry of a 
40 solid content high enough to permit the preparation of a high-concentration coating formulation. 

2) A stilt employed as a buffer material against pressure on surfaces coated with such a coating 
formulation of microcapsules was scraped off by a blade while the coating formulation is applied by the 
blade or gravure coating technique which is a typical example of high-speed coating techniques. As a 
result, the amount of the stilt remaining on the coated surface was reduced significantly. This rendered the 
microcapsule coating layer excessively sensitive to pressure, resulting in the tendency toward microcapsule 
rupture and smudge developoment by pressure or frictional forces during preparation, finishing and/or 
printing steps or during normal handling. 

As to 1) above, i.e., the preparation of a microcapsule slurry of high solid content, techniques have 
been established for the preparation of microcapsule slurries having higher solid contents such as have not 
been achieved by any conventional techniques, as a result of recent advances in the microencapsulation 
techniques which make use of synthetic resins as wall-forming materials. In particular, the microcapsule 
preparation process which makes use of an aminoaldehyde resin as a wall-forming material and was 
proposed by the present inventors, enables a microcapsule slurry to be obtained having a sup r high solid 
concentration in excess of 60% with low viscosity. 

Although a microcapsul slurry of such a high solid content has been obtained, a stilt is indispensable 
for copying and/or recording materials making use of such microcapsules as mentioned in 2) above. 
Coating of such a stilt along with microcapsules on a surface of a base material cannot be effected unless 
water is added to the coating formulation to lower its viscosity and concentration, and the thus-adjusted 
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coating formulation is applied at a relative low speed by means of an air-knife or bar coater. 

In other words, it has become feasible to coat a microcapsule-containing water-base coating formulation 
at a relatively high concentration compared with conventional coating formulations owing to the success in 
the preparation of the starting microcapsule slurry with a higher solid content. However, the productivity of 

5 CB-sheets is still far lower compared with CF-sheets. Moreover, a great deal of water must be driven off 
from the base material subsequent to coating and substantial energy is hence required for drying it 

In the field of copying and/or recording materials making use of such microcapsules, and specifically, in 
the field of carbonless recording materials, self-contained carbonless copying paper is prepared by applying 
microcapsules, which enclose a colorless dyestuff precursor, and color-developing agent (usually, an oil- 

w soluble acidic material of organic nature) on the same surface of a base material. The microcapsules when 
ruptured by pressure induce a color-producing reaction between the dyestuff precursor and color-develop- 
ing agent, thereby obtaining recorded marks. 

Self-contained carbonless recording sheets which are presently in use are primarily self-contained 
carbonless recording sTreets of ^ one of which is obtained by coating a i layer 

75 of microcapsules, in which a dyestuff precursor is enclosed, and a color-developing layer over the former 
layer on one side of a base material. Reflecting recent advancement in the microencapsulation technology, 
self-contained carbonless recording sheets of the single-layered type have also been proposed and have 
partly been put in practical use. 

In the case of a self-contained carbonless recording sheet of the single-layered coating type, a dyestuff 

20 precursor (e.g., a phthalide type compound, fluoran type compound, or the like) and a color-developing 
agent (eg., an oil-soluble phenol resin, salicylic acid derivative, or the like) are individually microen- 
capsulated. The resulting microcapsules are mixed together into a homogeneous coating formulation, which 
is then coated as a single layer. 

Turning to a self-contained carbonless recording sheet of the double-layered coating type, a layer of 

25 microcapsules enclosing a dyestuff precursor and a layer of a color-developing agent are coated one over 
the other in two layers as mentioned above. Such self-contained carbonless recording sheets of the double- 
layered coating type are however still accompanied by problems in both production cost and performance 
for the following reasons: 

1) It is only possible to. obtain coating formulations of low concentrations since microcapsules of 
30 dyestuff precursors are prepared by using, as their microencapsulation technique, the complex coacervation 

process making use of gelatin as a wall-forming material. 

2) They require two coating layers, leading to very poor productivity. 

3) Since the color-developing layer and its associated layer of microcapsules of a dyestuff precursor 
are provided separately, it is impossible to achieve excellent color-producing speed and color density. 

35 On the other hand, conventional self-contained carbonless sheets of the single-layered coating type 
enjoy significantly-improved productivity due to completion of coating in a single step and improved yields. 
In addition, they have another advantage in that high color densities can be easily obtained by color- 
producing processing because the dyestuff precursors and their corresponding color-developing agents are 
located close to each other in their entirety. They are however accompanied by problems , for microen- 

40 capsulation of the color- developing agents is also required to avoid premature accidental color develop- 
ment before subjecting them to color-producing processing, to say nothing of the microencapsulation of the 
dyestuff precursors. Extra expense is involved for the microencapsulation of the color-developing agents 
and, compared with the self-contained carbonless sheets of the double-layered structure, undesirable color 
development (smudge) occurs more easily by friction, paper folding or the like due to the structures of their 

45 coated surfaces. These problems have not yet been completely solved. 

Furthermore, self-contained carbonless recording sheets involve a fundamental problem: their marks 
have inferior solvent resistance and are readily faded out upon contact with a polar solvent, for example, a 
plasticizer such as an ester of phthalic acid and may hence be rendered illegible subsequent to their 
recording. 

so One object of this invention is- to provide a microcapsule-containing water-base coating formulation 
which can provide a microcapsule coating layer having significantly-improved pressure resistance and 
frictional stability without need for the use of a stilt as a protective or buffer material. 

D sirably, the properties of the microcapsule-containing water-base coating formulation allow for 
application by a high-speed energy-saving and high-productivity coating method such as the blade or 

55 gravure coating method, although such a coating method has conventionally been inapplicable unless a stilt 
is present 

Another object of this invention is to provide a copying and/or recording material, e.g. a self-contained 
copying and/or recording paper of the single- layered coating type, of excellent quality using the improved 
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water-base coating formulation of this invention. 

According to our parent application No. 85309503.2 (publication No. EP-A-0 186 516) there was 
provided a microcapsule-containing water-base coating formulation comprising as essential components: 

(a) microcapsules making use of a synthetic resin as a wall-forming material; and 

5 (b) a reaction product obtained by polymerizing at least one water-soluble vinyl monomer (B) in the 

presence of a high polymer latex (A) having a glass transition point of 60° C or lower, said latex (A) and 
vinyl monomer (B) being used at a solid weight ratio of 3:97 - 90:10. 

The parent application also provided a single-layered self-contained carbonless recording paper 
comprising a base material and a coating layer, said coating layer in turn comprising as essential 

10 components: 

(i) microcapsules having walls of a synthetic resin and enclosing a colorless or light-colored dyestuff 
precursor; 

(ii) a film-forming reaction product obtained by polymerizing at least one water-soluble vinyl monomer 
(B) in the presence of a high polymer latex (A) having a glass transition point of 60* C or lower, said latex 

is (A) and vinyl monomer (B) being used at a solid weight ratio of 100:5 - 100:200; 

(iii) a color-developing agent; and 

(iv) a pigment. 

According to the present invention, there is provided a microcapsule-containing water-base coating 
formulation comprising as essential components: 
20 (a) microcapsules making use of a synthetic resin as a wall-forming material; 

(b) a high polymer latex having a glass transition point of 60* C or lower; and 

(c) talc. 

The invention is now discussed further in the non-limitative description which now follows. 

The above-related problems of conventional water-base coating formulations of microcapsules can be 
25 solved by the present invention. By using the water-base coating formulation of microcapsules of this 
invention, a copying and/or recording material having excellent quality can be obtained. 

A microcapsule-containing water-base coating formulation of this invention can exhibit the following 
excellent features compared with conventionally-known water-base coating formulations of microcapsules: 

1) It can provide a microcapsule-coated layer having significantly-improved pressure resistance and 
30 frictiona! stability without need for the use of a stilt which has conventionally been considered indispensable. 

2) Accordingly, it can be coated as a coating formulation of a high solid content at a high speed by 
means of a blade coater, gravure coater or the like, whereby the efficiency of production can be improved 
significantly and considerable energy saving can also be achieved owing to a substantial reduction in the 
energy required for the evaporation of water. 

35 * 3) Upon drying, a coating film having sufficient adhesion strength to its corresponding base material 
such as paper sheet can be obtained. In addition, owing to the inclusion of the water-insoluble hydrophobic 
latex component and water-soluble polymer component in suitable proportions in the film-forming compo- 
nent, the water-base coating formulation has superior water-retaining property to water-base coating 
formulations containing the latex component as a sole binder, its solid content and viscosity undergo 

40 smaller variations, and it hence shows good coating workability even when employed in a coating operation 
of the recirculated coating formulation type for many hours. 

4) Use of the water-base coating formulation of this invention permits not only the production of CF- 
sheets but also the production of CB-sheets and CFB-sheets by means of a single unit of a high-speed 
coating machine (for example, blade coater). The water-base coating formulation of this invention can thus 

45 bring about a significant merit from the standpoint of initial investment in production facilities. 

Single-layered self-contained copying and/or recording paper obtained by using the water-base coating 
formulation of this invention has the following significant advantages in productivity and quality over 
conventionally-known self-contained carbonless sheets: 

1) The color-developing agent can be used in the form of an aqueous suspension without needing to 
50 be microencapsulated. 

2) Depending on coating conditions, it is possible to use water-base coating formulations which may 
range from water-base coating formulations of low solid contents and low viscosities to water-base coating 
formulations of high solid contents in excess of 50 wt.%. 

3) It is possible to successfully avoid smudges due to light pressure or gentle friction without need 
55 for a stilt which has conventionally been considered to be essential upon coating microcapsule-containing 

layers. 

4) The dyestuff precursor and color-developing agent can be applied in substantial amounts even if 
the coat weight of the water-base coating formulation of this invention is small. It is thus feasible to achieve 
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better color-producing speed and color density compared with conventional self-contained carbonless 
recording sheets. 

5) Color marks produced on the resultant copying and/or recording sheets have excellent solvent 
resistance and are not readily faded even upon contact with a polar solvent such as an ester of phthalic 
acid. 

6) The resultant copying and/or recording sheets have excellent waterproof ness and the tendency 
towards smudging (natural development of color over the entire surfaces) is either not detectable or is 
extremely small even under hot and wet conditions. 

A still further advantage of such single-layered self-contained carbonless recording sheets is that they 
can be produced at extremely low cost and with high quality compared with conventional double-layered 
self-contained carbonless recording sheets or single-layered self-contained carbonless recording sheets 
obtained by mixing microcapsules of a solution of a dyestuff precursor and microcapsules of a color- 
developing agent or its solution and then mixing a stilt additionally with the resu ltan t micro capsule mixture. 

The invention is further explained in more detail by way of non-limitative example. 

The microcapsule slurry [a] which is useful in the preparation of the water-base coating formulation of 
this invention is prepared by using a synthetic resin as a wall-forming material. It is a microcapsule slurry 
obtained by the so-called interfacial polymerization process or in-situ polymerization process, in which a 
hydrophobic material is covered by synthetic resin films. Particularly, illustrative of the microcapsule slurry 
may include polyamide resin-walled microcapsule slurries, polyester resin-walled microcapsule slurries, 
polyurea resin-walled microcapsule slurries, epoxy resin-walled microcapsule slurries, polyureaamide resin- 
walled microcapsule slurries, etc.. all of which are obtained by the interfacial polymerization process, and 
urea-formaldehyde resin-walled microcapsule slurries, melamine-formaldehyde resin-walled microcapsule 
slurries, melamine-urea-formaidehyde resin resin-walled microcapsule slurries, etc., all of which are ob- 
tained by the in-situ polymerization process, and so on. Needless to say, it is also possible to use a slurry 
of microcapsules composed of composite synthetic resin walls or double-layered synthetic resin walls which 
are obtained by combining the interfacial polymerization process or in-situ polymerization process with 
another chemical process. 

Among microcapsule slurries making use of these synthetic resins as wall-forming materials, it is an 
aminoaldehyde-walled microcapsule slurries obtained by the in-situ process that can be employed prefer- 
ably in the present invention for the following reasons: 

1) Good work stability upon their preparation. 

2) Provision of microcapsules of a relatively high solid content leading to superb productivity per unit 
volume. 

3) High denseness of microcapsule walls. 
* 4) Long-term storage stability. 

5) Low prices of the wall-forming materials and their good availability in industrial volumes. 

Among such aminoaidehyde resin-walled microcapsule slurries, melamine-formaldehyde resin-walled 
microcapsule slurries are useful because their walls have excellent denseness. Use of a slurry having a 
solid content higher than 50% is particularly preferred because it makes it possible to prepare a water-base 
coating formulation compatible with a high- speed coating method such as that making use of a blade 
coater, gravure coater, roll coater or the like. 

Microcapsules obtained by using one or more water-soluble capsule wall precursor(s) selected from the 
group consisting of melamine-formaldehyde, methylolmelamine monomer, their oligomers, alkylated 
methylolmelamine monomer, their oligomers and combinations thereof, in the presence of a novel anionic 
water-soluble high polymer surfactant proposed by the present inventors and forming melamine-formal- 
dehyde walls around a hydrophobic core material are considered to be most-preferable microcapsules 
because (1) microcapsules having a super high solid content in excess of 60 wt.% and a low viscosity can 
be easily obtained, (2) their particle sizes and the width of their particle size distribution can be readily 
controlled and (3) they exhibit stable dispersibility and stable viscosity and rheology characteristics over a 
wide pH range and in systems mixed with various' materials. 

Illustrative high polymer latexes (b ) useful in the practice of this invention have a glass transition point 
of 60° C or lower, and include high polymer emulsion latexes such as synthetic rubber latexes, for example, 
SBR (styrene-butadiene rubber latex), MBR (methyl methacrylate-butadiene rubber latex), MSBR (methyl 
methacrylate-styrene-butadiene rubber latex), CR (chloroprene rubber latex), NBR (neoprene-butadiene 
rubber latex), IR (isoprene rubber latex) and polybutadiene rubber latex; vinyl acetat base emulsions; vinyl 
acetate-ethylene base emulsions; so-called acrylic emulsion latexes, for example, acrylic acid ester-styrene 
copolymer emulsions and acrylic acid ester-acrylonitrile copolymer emulsions; vinyl chloride base emul- 
sions; and vinyiidene chloride base latexes. 



6 



EP 0 376 928 A1 



In order to improve certain physical properties of these high polymer latexes, they may be copolymeriz- 
ed with a copolymerizable monomer, (or example, an ethylenically unsaturated carboxylic acid such as 
itaconic acid, maleic acid, fumaric acid or crotonic acid, a conjugated diolefin such as butadiene, isoprene 
or chloroprene. an aromatic vinyl compound such as styrene. methylstyrene or a-methylstyrene, a 

s methacrylate such as methyl methacrylate. ethyl methacrylate. butyl methacrylate or 2-ethy hexyl 
methacrylate, an acrylate such as methyl acrylate. ethyl acrylate. butyl acrylate or 2-ethylhexyl aery late an 
ethylene-type nitrile compound such as acrylonitrile or methacrylonitrile. vinyl acetate, vinyl chlor.de. 
vinylidene chloride or the like upon their preparation. In some instances, such a copolymerizable monomer 
may be used in combination with the above-described high polymer latexes and may be copolymenzed 

w with the high polymer latexes when a water-soluble vinyl monomer is polymerized in the presence of the 

high polymer latexes. . , , . . . . . „ 

The reaction product (b) useful in the practice of this invention is a react.on product obtained by 
polymerizing at least one water-soluble vinyl monomer (B) in the presence of the high polymer latex (A) 
having a glass transition point of 60* C or lower, said latex (A) and vinyl monomer (8) being used at a solid 
, 5 weight ratio of 3:97 - 90:10. The reaction product (b) will hereinafter be called "the film-forming reaction 

^A? ^preferred reaction product, may be mentioned a reaction product obtained by polymerizing at least 
one water-soluble vinyl monomer (B) in the presence of both high polymer latex (A) havmg a glass 
transition point of 60* C and water in accordance with a polymerization process for the water-solub e vinyl 
monomer, such as the radical polymerization process or redox polymerization process, said latex (A) and 
vinyl monomer (B) being used at a solid weight ratio of 3:97 - 90:10. preferably. 5:95 - 80:20. As ithe . high 
polymer latex (A) employed for obtaining the film-forming reaction product, may be mentioned the above 

hl9h The y Sass l ?ansition temperatures of these high polymer latexes are required to be 60*C or lower, 
preferably. 40* C or lower. If a higher latex has a glass transition point higher than 60 C. the resulfng 
microcapsule-binding layer which is to be obtained from the corresponding reaction product will not have 

flexibility^ ^ w ater-soluble vinyl monomer adapted to obtain the film-forming reaction product 

(b) is a vinyl monomer which forms a water-soluble polymer upon its polymerization. As exemplary water- 
soluble vinyl monomers, may be mentioned non-ionic vinyl monomers such as acrylamide, methacrylamide. 
diacetoneacrylamide and vinylpyrrolidone. anionic vinyl monomers such as acrylic acid, methacrylic acd. 
itaconic acid, maleic acid, maleic semiesters. fumaric acid and crotonic acid, and cationic vinyl monomers 
such as dimethylaminoethyl methacrylate. trimethylaminoethyl methacrylate. diethylammoethyl methacrylate 
and triethylaminoethyl methacrylate. They may be used not only singly but also in comb.nat.on. 
as • Besides the above-exemplified water-soluble vinyl monomers, other vinyl monomers may also be used 

so long as they can form water-soluble polymers. .. 

If the solid weight ratio of the high polymer latex to the water-soluble vinyl monomer becomes smaller 
than 3 97. the eventually-obtained copolymerization reaction product will not be able to form flexible films^ 
Furthermore, the resulting microcapsule-bearing surface will be lowered in both pressure resistance and 
40 frictional smudge resistance. If the solid weight ratio of the high polymer latex to the water-soluble vinyl 
monomer becomes greater than 90:10. the eventually-obtained copolymerization reactaon product will not be 
able to provide water-soluble films. When mixed with a microcapsule slurry, the resulting water-base coating 
formulation will have poor water-retaining properties and will thus have poor utility. 

The microcapsule-containing water-base coating formulation of this invention is characterized m that .t 
45 contains as Its principal components a slurry of microcapsules (a) obtained from a synthetic resin as a wan- 
forming material in accordance with one of various processes as mentioned above and a slurry - of the 
above- described film-forming reaction product (b). The solid weight ratio of (a):(b) may range from 100.2 to 
100:50 or so. preferably, from 100:5 to 100:30. 

The talc (c) which may also be used in the present invention as needed means white-gray jscaly 
so inorganic powder which has been obtained by finely grinding a mineral which is generally called talc . It is 
a material called generally hydrated magnesium silicate (3Mg0-4SiO 2 -H 2 0) and having a low hardness 
" (Mohs' scale of hardness: 1). Talc having an average particle size of 1 - 10 urn and a particle size 
distribution of 0.2 - 30am. preferably. 0.2 - 20 u.m is employed. In general, talc is readily dispersible in 
water and thus requires no special pre-treatment for Its dispersion upon preparation of a water-base coating 
55 formulation. If necessary, it may be feasible to employ talc in a form either kneaded with or d.spersed in 
water in the presence or absence of an anionic or non-ionic surfactant. 

" The water-base coating formulation which makes use of talc is composed of the microcapsules (a), the 
film-forming reaction product <b) and talc (c), the solid ratio of (a):(b):(c) being 100:2-50:1-100; or is 
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composed of the microcapsules (a), the high polymer latex (b') and talc (c), the solid ratio of (a):(b'): (c) 
being 100:2 - 50:3-100. It should however be borne in mind that their ratios are not necessarily limited to 
the above ranges depending on the required end use. 

The water-base coating formulations of this invention may contain, besides the above-described 

5 components, a variety of additives for the adjustment of their physical properties as water-base coating 
formulations, for example, a viscosity modifier, thixotropic agent, defoaming agent, waterproofing agent, 
binder, etc. Whenever necessary or desirable, it may also be feasible to mix starch particles, fine cellulose 
powder, particles of a synthetic resin such as a poiyolefin. or the like which have conventionally been used 
as a stilt. By incorporating these additives, it is possible to impart still higher resistance to inconvenient 

10 smudge. 

The solid content and viscosity of each of the water-base coating formulations of this invention may be 
adjusted within the wide range of 15 - 65 wt.% and the broad range of 5 - 10,000 cps (5 m Pa s - 10 Pa s) 

respectively. T hey can th us meet easily various coating methods or printing jpethods. 

Furthermore, the water-base coating formulations of this invention may each be employed for the 

75 production of various copying and/or recording materials. Namely, they may each be coated on paper 
webs, synthetic resin films and the like by various coating methods and the thus-coated paper webs, films 
and the like are then dried to prepare such copying and/or recording materials. Alternatively, they may each 
be printed on paper webs, synthetic resin films and the like by various printing methods and the thus- 
printed paper webs, films and the like are then dried to prepare such copying and/or recording materials. 

20 The water-base coating formulations of this invention may be employed for the production of copying 
and/or recording materials, specifically, carbonless copying paper. For this application, are employed 
microcapsules which have synthetic resin wails and enclose, as a core material, a solution of a colorless or 
light-colored electron-donating dyestuff precursor such as triphenylmethanephthalide or a fluoran compound 
dissolved in an amount of 1 - 10 parts by weight in 100 parts of a hydrophobic organic solvent having a 

25 high boiling point and solubility to the dyestuff precursor, usually, phenylxylylethane, an alkylnaphthalnene, 
an alkylbiphenyl, hydrogenated terphenyl, chlorinated paraffin or the like. 

Each of the above-described water-base coating formulations of this invention, which employ the above- 
mentioned microcapsules as the microcapsules (a), is either coated or printed on a base material selected 
from a paper web and film-like materials to obtain CB-sheets. These CB-sheets are used in combination 

30 with CF-sheets coated with a color-developing agent which is an organic or inorganic solid acid. 

Each of the water-base coating formulations of this invention is suitable not only for the production of 
CB-sheets of such carbonless copying paper but also for the production of single-layered self-contained 
carbonless recording sheets. For the production of single-layered self-contained carbonless copying sheets, 
it is necessary to mix a color-developing agent with any one of the water-base coating formulations of this 

35 invention and then to coat the resultant coating formulation on a base material. More specifically, single- 
layered self-contained carbonless copying paper may be produced by adding a color-developing agent (i.e., 
a solid acid) and a pigment as essential components to any one of the water-base coating formulations of 
this invention and then coating the thus-prepared water-base coating formulation on a base material such as 
paper web. 

40 In order to use any one of the water-base coating formulations of this invention for the production of 
single-layered self-contained carbonless recording sheets, it is preferable for the water-base coating 
formulation to have a composition which contains (d) microcapsules having synthetic resin walls and 
enclosing a colorless or light-colored dyestuff precursor, (b") a film-forming reaction product, (d) a color- 
developing agent and (e) a pigment, and optionally (c) talc. 

45 As the color-developing agent (d) employed in the water-base coating formulations of this invention, 
may be mentioned an organic or inorganic solid acid which reacts with the above-mentioned colorless or 
light-colored dyestuff precursor to have the dyestuff precursor produce its color. 

As exemplary organic color-developing agents, may be mentioned oil-soluble organic solid acids such 
as p-substituted phenyl-formaldehyde resins, metal-modified phenol-formaldehyde resins, and derivatives of 

so salicylic acid and their multi-valent metal salts. Preferred examples of such an organic color-developing 
agent may include p-phenylphenol-formaldehyde resin, zinc-modified p-octylphenol- and phenol-formal- 
dehyde co-condensation resin, 3,5-di-(a-methylbenzyl)salicylic acid and its zinc salt, multi-vaient metal salts 
of condensation products of salicylic acid and p-substituted phenol-formaldehyde resins, etc. Preferably, 
each of such organic color-developing agents is wet-ground in the presence of a dispersant and is then 

55 employed in the form of a dispersion. 

As exemplary inorganic color-developing agents, may be employed natural or semi-synthetic inorganic 
solid acids such as montmortllonite-group clay minerals, attapulgite. activated clay and acid clay. These 
inorganic solid acids are generally of fine powdery forms. 
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These color-developing agents are individually suspended, dispersed or emulsified in water, generally, 
in the presence of a small amount of a dispersant prior to their use. 

These color-developing agents may each be employed, generally, in an amount of 10 - 200 parts, 
preferably, 20 - 150 parts per 100 solid parts of the corresponding microcapsules. 

s Illustrative pigments (e) usually include clays, kaolin, calcined clays, calcium carbonate, titanium oxide, 
zinc oxide, plastic pigments and so on. The pigment may generally be used in an amount of 20 - 100 parts 
per 100 solid parts of its corresponding microcapsules. 

The film-forming reaction product (b") is similar to the film-forming reaction product (b) in that each of 
the reaction products (b") and (b) is obtained by polymerizing at least one water-soluble vinyl monomer (B) 

io in the presence of the high polymer latex (A) having a glass transition point of 60 *C or lower, but is 
different from the film-forming reaction product (b) in that the latex (A) and vinyl monomer (B) are used at a 
solid weight ratio of 100:5 - 100:200 for the preparation of the former reaction product (b ). 

Each film-forming reaction product which is useful in the practice of this invention is effective in 
significantly improving the pressure resistance and frictional smudge resistance of single-layered self- 

75 contained carbonless recording sheets and at the same time serves as a binder for coating formulations: 
The above-mentioned film-forming reaction product can practically serve as a binder sufficiently for each 
water-base coating formulation. Depending on the composition of each water-base coating formulation, a 
water-soluble or water-dispersible binder which is used widely for its effectiveness as a binder, such as a 
binder of the starch, polyvinyl alcohol or synthetic rubber latex type may also be used in combination with 

20 the film-forming reaction product. 

Also, starch particles or cellulose flock which is known as so-called stilt may be incorporated in addition 
to the above-described essential components. Such a stilt may be added in an amount not exceeding 150 
parts per 100 solid parts of microcapsules in which a dyestuff precursor is enclosed. More generally, it may 
be used in an amount of 20- 100 parts. Depending on the film-forming reaction product chosen, one may 

25 obtain single-layered self-contained carbonless recording sheets with sufficient pressure resistance and 
frictional resistance without using such a stilt at all. 

These single-layered self-contained carbonless recording sheets may be made by mixing the above- 
mentioned synthetic resin microcapsules with a dyestuff precursor enclosed therein, organic color-develop- 
ing agent, pigment and film-forming reaction product respectively in the above-described proportions, 

30 optionally, in combination with the above-mentioned stilt, a wax component (for example, animal or 
vegetable wax, petroleum wax. synthetic wax, higher fatty acid or its metal salt, amide or ester), an 
ultraviolet absorber, antioxidant, dispersant, defoaming agent, waterproofing agent and/or the like to prepare 
a water-base coating formulation. Enough coating formulation is applied to a base material e.g. a paper web 
to give a dry coat weight of 3 - 20 g/m 2 , and then the thus-coated base material is dried. 

35 * Each water-base coating formulation, useful for the production of single-layered self- contained 
carbonless recording sheets of this invention, may be prepared with desired solid content and viscosity 
levels, ranging from a water-base coating formulation having a low solid content and low viscosity to a 
water-base coating formulation of a high solid content in excess of 50 wt.%. It is compatible with all coating 
methods employed routinely for the production of such carbonless recording sheets, for example, the air- 

40 knife coating method, the bar coating method, the curtain coating method, the roll coating method and the 
blade coating method. 

The present invention will hereinafter be described in detail by the following Examples and Comparative 
Examples, in which carbonless copying paper will primarily be the subject 

Incidentally, the following methods were employed to evaluate samples of carbonless copying paper 
45 obtained in the Examples and Comparative Examples. 



(1) Color-producing performance: 

so CB-sheets suitable for use in the production of carbonless copying paper were each placed with the 
coated side thereof into a contiguous relation with a commercial CF-sheet ("Resin ccpW-50BR w ; product of 
Jujo Paper Co., Ltd., Tokyo, Japan) which was suitable for use in the production of carbonless copying 
paper and employed a color-developing agent of the phenol resin type. The resultant carbonless copying 
paper was typed on by an electric typ writer ("HERMES-SOB") to produce a color. The densities of colors 

55 produced one minute and 24 hours after typing were respectively measured by means of a Hunter 
colorimeter equipped with an amber filter (manufactured by Toyo Seiki Seisaku-sho, Ltd., Tokyo, Japan). 
The color densities are expressed in terms of reflectance. Smaller reflectance values indicate denser colors. 
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(2) Smudge resistance under pressure: 

The coated side of each CB-sheet produced was brought into a contiguous relation with the coated side 
of a commercial CF-sheet for carbonless copying paper in the same manner as in the test (1). The resulting 

s carbonless copying paper was held on a steel plate for 1 minutes under a static pressure of 10 kg/cm 2 by a 
Mullen-type hydraulic burst strength testing machine. Both before and after the test, the extents of 
coloration of the coated surface of the CF-sheet were determined in terms of reflectance by means of a 
Hunter colorimeter equipped with an amber filter. The smaller the difference in reflectance between the 
coated side before the test and that after the test, the less the capsule rupture under small static pressure 

10 (stacked own weight, take-up pressure after coating, etc.). 



(3) Frictional s mud ge resistance: 

is Following the testing method prescribed in JIS-L-1048, the coated side of each CB-sheet produced to 
which a load of 200 g was being exerted was kept in a contiguous relation with the coated side of a CF 
sheet, which was of the same type as those employed in the preceding tests, and was then rubbed 5 times 
reciprocally against the matching coated side of the CF-sheet by means of a Gakushin-type fastness 
machine which was designed to test the color fastness of dyed materials under friction. One hour later, the 

20 degree of smudge of the CF-sheet was measured by a Hunter colorimeter equipped with an amber filter. 
The smaller the difference between the reflectance before the test and that after the test, the less the 
capsule rupture under friction. 

This test is useful in estimating the degree of frictional smudge which may be developed upon cutting 
coated paper webs or otherwise handling the carbonless copying paper product. 

25 

(4) Determination of degree of microcapsule rupture of coated paper sheets: 

From a point about 20 cm from the microcapsule-coated surface of CB-sheets obtained respectively in 
30 the Examples and suited for use in the production of carbonless copying paper, "Capsule Checker" 
(product of Mitsubishi Paper Mills, Ltd., Tokyo, Japan) was sprayed against the coated surface to determine 
the conditions of rupture of the microcapsules visually. 



35 Preparation Example 1 : 

Poured in a flask fitted with a condensor, stirrer and thermometer were 80 parts of an MSBR latex (T g : 
-1 ' C) consisting of 30 wt.% of styrene, 30 wt.% of methyl methacrylate, 38.5 wt.% of butadiene and 1 .5 
wt.% of acrylic acid and having a solid content of 50% and a pH of 7.0, 55.9 parts of distilled water, 50 

40 parts of a 40 wt.% aqueous solution of acrylamide and 10 parts of a 40 wt.% aqueous solution of acrylic 
acid. While stirring the contents, the following procedure was effected. 

First of all, the flask was heated to raise the internal temperature of the flask to 35° C. Thereafter, 7 
parts of a 10 wt.% aqueous solution of ammonium persulfate and 5 parts of a 10 wt.% aqueous solution of 
acid sodium sulfite were charged , followed by a polymerization reaction for 1.5 hours. A small amount of a 

45 20 wt.% aqueous solution of caustic soda was then added to adjust the pH of the reaction mixture to 8.0, 
thereby obtaining a reaction product which will hereinafter be designated as "Reaction Product No. I". 
Reaction Product No. I was a milky and viscous aqueous dispersion and its solid content and viscosity were 
respectively 40 wt.% and 1 ,500 cps (1 .5 Pa s) as determined by a Brookfield viscometer. 

so 

Preparation Example 2: 

Poured in a flask fitted with a condensor and stirrer were 720 parts of an thylene-vinylacetate base 
latex (T g « 16* C) formed from 20 wt.% of ethylene and 80 wt.% vinyl acetate and having a solid content of 
55 50% and a pH of 5.0, 400 parts of a 20 wt.% aqueous solution of methacrylamide. 100 parts of a 40 wt.% 
aqueous solution of acrylamide, 12.5 parts of a 40 wt.% aqueous solution of acrylic acid and 381 parts of 
deionized water. While stirring the contents, the following procedure was effected. 

First of all, the flask was heated to raise the internal temperature of the flask to 50* C. Thereafter, 3 
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parts of a 10 wt.% aqueous solution of ammonium persulfate and 2 parts of a 10 wt.% aqueous solution of 
acid sodium sulfite were charged , followed by a polymerization reaction for 1 .5 hours. Seven parts of a 20 
wt.% aqueous solution of caustic soda was then added to adjust the pH of the reaction mixture, thereby 
obtaining a film-forming reaction product which will hereinafter be designated as "Reaction Product No. II". 
5 Reaction Product No. II was a milky dispersion and its solid content and viscosity were respectively 30 
wt.% and 540 cps (0.54 Pa s). 



Example 1: 

10 

To 79.3 parts of an aqueous solution (pH 4.5) which had been obtained by diluting with distilled water 
30 parts of a 20% aqueous solution (viscosity: 150 cps at 25* C) of a terpolymer of a monomer composition 
consisting of 0.08 mole of 2-acrylamido-2-methylpropanesulfonic acid, 0.58 mole of acrylic acid and 0.36 
mole of acrylonitrile, were added 130 parts of alkylnaphthalene ("KMC-113"; product of Kureha Chemical 

75 Industry Co., Ltd.) which contained 3.0 wt.% of Crystal Violet Lactone and 0.8 wt.% of Benzoyl 
Leucomethylene Blue, both dissolved therein. The resultant mixture was emulsified in a homomixer, thereby 
obtaining a stable o/w emulsion having an average droplet diameter of 3.5 um 10 minutes later. After the 
addition of 24.4 parts of an aqueous solution (content of non-volatile component: 80%) of a methylated 
methylolmelamine resin, the system was heated to 60* C and the contents were subjected to condensation 

20 for 2 hours. Thereafter, the system was cooled to complete the microencapsulation. 

The thus-obtained microcapsule slurry had a solid content of 65%. In order to get rid of remaining 
formaldehyde, a small amount of 28% aqueous ammonia was added to raise the pH to 8.0. As a result, the 
odor of formalin vanished. 

Mixed and stirred were 153.8 parts of the microcapsules and 37.5 parts of Reaction Product No. I 
25 obtained in Preparation Example 1 1 thereby obtaining a water-base coating formulation which will hereinafter 
be designated as "Water-Base Coating Formulation No. I". 

Water-Base Coating Formulation No. 1 of this Example had a solid content of 60% and its viscosity was 
850 cps (0.85 Pa s) at 25* C. 

The hydrophobic coating formulation was applied at a speed of 400 m/min onto a 50 g/m 2 base web, 
30 which was suitable for the production of carbonless copying paper, by a sheet blade coater (manufactured 
by Kurr .gai Rtki K.K.) to a dry coat weight of 3.5 g/m 2 and the thus-coated paper web was dried to obtain 
CB-sheets for carbonless copying paper. 



35 Comparative Example 1 : 

By using the microcapsule slurry of Example 1, Water-Base Coating Formulation No. II of the following 
composition was prepared. 



40 




Parts 




Microcapsule slurry 


153.8 




Wheat starch particles (average particle size: 20 um) 


40 




Cooked oxidized starch (20% aq. soln.) 


50 


45 


Water 


6.2 



The solid content and viscosity of Coating Formulation No. II were 60% and 850 cps (0.85 Pa s) at 25* C. 
Under the same conditions as those employed in Example 1 , Coating Formulation No. II was applied at a 
speed of 400 m/min onto a 50 g/m 2 base web, which was suitable for the production of carbonless copying 
paper, by the sheet blade coater- (manufactured by Kumagai Riki K.K.) to a dry coat weight of 3.6 g/m 2 and 
the thus-coated paper web was then dried to obtain CB-sheets for carbonless copying paper. The capsule- 
coated surface of one of the CB-sheets obtained in this Comparative Example, which were intended for use 
in the production of carbonless copying paper, was inspected by a scanning electron microscope. As a 
result, it was found that the wheat starch particles, which had been used as a stilt, were not contained at all 
on the coated surface and had been scraped off In their entirety by the blade upon coating of Coating 
Formulation No. II. 

Although no rupture of microcapsules was observed on the CB-sheets of this Comparative Example 
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immediately after the coating operation, the capsules were highly susceptible to rupture in their static 
pressure and friction tests due to lack of stilt. Accordingly, the CB-sheets had poor practical utility: 



Comparative Example 2: 

By using the microcapsule slurry of Example 1, Water-Base Coating Formulation No. M of the following 
composition was prepared. - 





Parts 


Microcapsule slurry 

Wheat starch particles (average particle size: 20 urn) 
Cooked oxidized starch (20% aq. sofh.) 


100 
30 
10 



Its solid content was 30%. It was applied by a Meyer bar coater onto a base web, which was suitable for 
use in the production of carbonless copying paper, to give a dry coat weight of 4.0 g/m 2 and the thus- 
coated paper web was dried, thereby obtaining CB-sheets for carbonless copying paper. 

The CB-sheets of this Comparative Example had the standard physical properties which had conven- 
tionally been known. 

Example 2: 

Fifty parts of an ethylene-maleic anhydride copolymer ("EMA-31 trade name; product of Monsanto, 
Mo., U.S.A.) were dissolved with heating in water to obtain a 10% aqueous solution of the ethylene-maleic 
acid copolymer. One hundred parts of the aqueous solution and 250 parts of water were mixed and the pH 
of the resultant aqueous solution was adjusted to 4.0 with a 10% aqueous solution of NaOH. In a 
homornixer, 200 parts of the same core material as that used in Example 1 were emulsified in the above- 
prepared aqueous solution to obtain a stable o/w emulsion. Sixty parts of an aqueous solution (solid content: 
50%) of methylated methylolmelamine ("Euramine T-530", trade name; product of Mitsui-Toatsu Chemicals 
Inc., Tokyo, Japan) were added with stirring to the emulsion. The resultant mixture was maintained with 
heating and stirring at 55° C for 3 hours, thereby bringing the microencapsulation to completion. 

The viscosity of the system increased as more and more capsule walls were formed. However, the 
system did not lose its fluidity. The thus-prepared microcapsule slurry had a solid content of about 39% 
and a viscosity of 2,400 cps (2.4 Pa s) at 25* C. 

Next 256.4 parts of the microcapsule slurry, 80 parts of Reaction Product No. II obtained in Preparation 
Example 2, 20 parts of a 10% aqueous solution of phosphate-esterified starch and 216 parts of water were 
stirred and mixed to prepare a water-base coating formulation the non-volatile content and viscosity of 
which were 22% and 25 cps (25 m Pa s) at 25* C. This coating formulation will hereinafter be designated as 
"Water-Base Coating Formulation No. IV". The coating formulation was applied by an air-knife coater onto a 
base web for carbonless copying paper to give a dry coat weight of 4.5 g/m 2 and the thus-coated paper 
web was dried to obtain CB-sheets for carbonless copying paper. 



Comparative Example 3: 

Mixed were 256.4 parts of the microcapsule slurry of Example 2, 40 parts of cellulose flock ("KC-Flock 
#250". trade name; product of Sanyo-Kokusaku Pulp Co., Ltd., Tokyo. Japan), 100 parts of a 10% aqueous 
solution of phosphate-esterified starch and 20.36 parts of water, thereby preparing a water-base o coating 
formulation having a non-volatile content of 25% and viscosity of 30 cps (30 m Pa s) at 25 C. This 
formulation will hereinafter be designated as "Water-Base Coating Formulation No. V". Following the 
procedure of Example 2, Coating Formulation No. V was applied by an air-knife coater onto a base web for 
carbonless copying paper to give a dry coat weight of 4.8 g/m 2 and the thus-coated paper web was dried to 
obtain CB-sheets for carbonless copying paper. 
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Example 3: 

The same slurry of microcapsules with melamine resin walls as that prepared in Example 1 was used. 
Mixed with stirring were 1,538 parts of the microcapsule slurry, 1,000 parts of the Reaction Product No. II of 
5 Preparation Example 2 and 162 parts of water. The resulting water-base coating formulation will hereinafter 
be designated as "Water-Base Coating Formulation No. VI". Coating Formulation No. VI of this Example 
had a solid content of 48.1% and viscosity of 1 ,100 cps (1.1 Pa s). 

Coating Formulation No. VI was applied by a gravure coater onto a high-quality paper web of 50 g/m 2 to 
give a dry coat weight of 3.5 g/m 2 and the resultant coated paper web was dried to obtain CB-sheets for 
io carbonless copying paper. 

The CB^heets were inspected by a scanning electron microscope. As a result, it was confirmed that 
their microcapsules had not been ruptured when scraped by the doctor or subjected to the nip pressure. 



is Comparative Example 4: 

The same slurry of microcapsules with melamine resin walls as that prepared in Example 1 was used. 
Mixed with stirring were 1 ,538 parts of the microcapsule slurry, 300 parts of wheat starch particles having 
an average particle size of 18 urn, 1,000 parts of a 10% aqueous PVA solution and 162 parts of water. The 
20 resulting water-base coating formulation will hereinafter be designated as "Water-Base Coating Formulation 
No. VIP 1 . Coating Formulation No. VII of this Comparative Example had a solid content of 46.7% and 
viscosity of 800 cps (0.8 Pa s) at 25 * C. Like Example 3, it was applied by a gravure coater onto a high- 
quality paper web and the resultant coated paper web was dried to obtain CB-sheets for carbonless copying 
paper. 

25 The coated surfaces of the CB-sheets Of this Comparative Example were inspected by a scanning 
electron microscope. The microscopic inspection confirmed that the wheat starch particles, which had been 
used as a stilt, were not contained and the microcapsules had been partly ruptured. It is believed that the 
starch particles had been scraped off by the doctor and the partial rupture of the microcapsules had been 
induced by the nip pressure between the doctor and its associated back-up roll. 

30 

Example 4: 

Mixed were 60 parts of phenylxylylethane with 5 wt.% of 3-diethylamino-6-methyl-7-anilinofluoran 
35 dissolved therein and 30 parts of phenylxylylethane with 9.78 parts of terephthaloyl chloride dissolved 
therein, followed by a further addition of 200 parts of a 2 wt.% aqueous solution of polyvinyl alcohol, ("Poval 
205", trade name; product of Kuraray Co., Ltd.). The resultant mixture was emulsified in a homomixer to 
obtain an o/w emulsion having an average particle size of 4 Jim. 

Thereafter, a solution of 5.58 parts of diethylenetriamine and 2.88 parts of sodium carbonate in 60 parts 
40 of water was added dropwise little by little. The thus-prepared mixture was stirred at room temperature for 
24 hours, whereby the diethylenetriamine and terephthaloyl chloride were subjected to interfacial polycdn- 
densation to obtain a slurry of microcapsules with polyamide walls. The microcapsule slurry was suited to 
produce a black color. 

The microcapsule slurry of this Example had a solid content of 30.5 wt.% and viscosity of 220 cps (0.22 
45 Pa s) at 25* C. 

By stirring and mixing 32.8 parts of the microcapsule slurry, 2.5 parts of Reaction Product No. I of 
Preparation Example 1 1 0.6 part of a styrene-butadiene latex (solid content: 50%) and 9.3 parts of water, a 
water-base coating formulation (solid content: 25%; viscosity: 35 cps (30 m Pa s)) was obtained. The 
formulation will hereinafter be designated as "Water-Base Coating Formulation No. VIII". 
so Coating Formulation No. VIII vas applied by a Meyer bar coater onto a high-quality paper web having a 
basis weight of 70 g/m 2 to give a dry coat weight of 4.8 g/m 2 and the resultant coated paper web was dried 
to obtain CB-sheets for carbonless copying paper. 



55 Comparative Example 5: 

Mixed with stirring were 32.8 parts of the slurry of microcapsules with polyamide walls obtained in 
Example 4, 3 parts of a styrene-butadiene latex (solid content: 50%) and 2.55 parts of water, thereby 
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obtaining a water-base coating formulation which will hereinafter be designated as "Water-Base Coating 
Formulation No. IX". 

Water-Base Coating Formulation No. IX was applied onto a base web having a basis weight of 70 g/m 2 
in the same manner as in Example 4 to give a dry coat weight of 4.8 g/m 2 , and the thus-coated paper web 
s was then dried to obtain CB-sheets for carbonless copying paper. Carbonless copying paper sheets making 
use of the CB-sheets of this Comparative Example tended to develop their color even under light pressure 
and were thus impractical. 

Carbonless copying paper sheets which had been obtained by using the CB-sheets prepared in 
Examples 1 - 4 and Comparative Examples 1 - 5 respectively were then tested with respect to their color- 
w producing performance, pressure smudge resistance, frictional smudge resistance and degrees of micro- 
capsule rupture. Test results are summarized in Table 1 . 

TABLE 1 



35 







Performance evaluation of obtained carbonless copying paper 


Ex. 


Coating method 


Typewriter 

color 
production 


Pressure 
smudge 
resistance 


Frictional 
smudge 
resistance 


Rupture of 
microcapsules 


Overall 
evaluation 


1 min. 
later 


24 
hrs. 
later 


Before 
test 


After 
test 


Before 

.test 


After 
test 


Ex. 1 


Blade coater 


54.8 


51.1 


89.9 


82.1 


89.9 


84.2 


Not rupt'd 


® 


Com p. Ex. 1 


Blade coater 


53.8 


50.2 


89.9 


68.5 


89.9 


72.1 


Not rupt'd 


X 


Com p. Ex. 2 


Bar coater 


54.4 


50.9 


89.9 


80.6 


89.9 


78.0 


Not rupfd 


o 


Ex. 2 


Air-Knife coater 


52.8 


49.5 


89.9 


81.1 


89.9 


81.5 


Not rupfd 


© 


Comp. Ex. 3 


Air-Knife coater 


53.5 


49.7 


89.9 


80.3 


89.9 


82.3 


Not rupfd 


o 


Ex. 3 


Gravure roll coater 


55.3 


50.1 


89.9 


82.5 


89.9 


83.4 


Not rupfd 


® 


Comp. Ex. 4 


Gravure roll coater 


50.1 


48.3 


89.9 


67.3 


89.9 


66.6 


Ruptured 


X 


Ex.4 


Bar coater 


58.5 


51 .3 


89.9 


81 .3 


89.9 


82.8 


Not rupfd 


® 


Comp. Ex. 5 


Bar coater 


55.3 


49.8 


89.9 


67.3 


89.9 


70.8 


Not rupfd 


X 


Note: ® : E> 


ccellent; O : Good; x: Poor. 



40 



Example 5: 

45 Mixed were 153.8 parts of the microcapsule slurry prepared in Example 1 f 37.5 parts of Reaction 
Product No. I obtained in Preparation Example 1, 20 parts of talc (average particle size: 2.8 urn; maximum 
" particle size: 8 um) and 13.7 parts of water, thereby obtaining a water-base coating formulation which will 
hereinafter be designated as "Water-Base Coating Formulation No. X". 

Coating Formulation No. X had a solid content of 60% and viscosity of 920 cps (0.92 Pa s) at 25 C. It 
so was applied at a high speed of 700 m/min onto a high-quality paper web having a basis weight of 50 g/m 2 
by a fountain blade coater (manufactured by Ishikawajima-Harima Heavy Industries Co., Ltd.. Tokyo, Japan) 
to give a dry coat weight of 3.5 g/m 2 and the thus-coated paper web was then dried to obtain CB-sheets for 
carbonless copying paper. 

55 

Example 6: 

Mixed with stirring were 256.4 parts of the microcapsule slurry obtained in Example 2, 60 parts of 

14 
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Reaction Product No. II obtained in Preparation Example 2. 50 parts of an aqueous talc suspension (solid 
content: 50 wt.%) which had been prepared beforehand by dispersing talc (average particle size: 4.4 urn; 
maximum particle size: 7 urn) in water in the presence of a small amount of sodium dioctylsulfosuccinate, 
and 197.4 parts of water, thereby preparing a water-base coating formulation the solid content and viscosity 
5 of which were 25% and 32 cps (32 m Pa s) at 25* C. The coating formulation will hereinafter be designated 
as "Water-Base Coating Formulation No. XI". It was thereafter applied onto a 40 g/m 2 base web for 
carbonless copying paper to give a dry coat weight of 4.0 g/m 2 and the thus-coated paper web was then 
dried to obtain CB-sheets for carbonless copying paper. 

70 

Example 7: 

The same slurry of microcapsules with melamine resin walls as that prepared in Example 1 was used. 
Mixed with stirring were 1 ,538 parts of the microcapsule slurry, 1 ,000 parts of the Reaction Product No. II of 

15 Preparation Example 2, 240 parts of a 50% talc dispersion prepared in the same manner as in Example 6, 
and 100 parts of a 20% aqueous solution of phosphate-esterified starch, thereby obtaining a water-base 
coating formulation the solid content and viscosity of which were 50 wt.% and 780 cps (0.78 Pa s). The 
water-base coating formulation will hereinafter be designated as "Water-Base Coating Formulation No. XII 
Coating Formulation No. XII was applied by a gravure coater onto a high-quality paper web of 50 g/m 2 to 

20 give a dry coat weight of 3.5 g/m 2 and the resultant coated paper web was dried to obtain CB-sheets for 
carbonless copying paper. 

The CB-sheets of this Example were inspected by a scanning electron microscope. As a result, it was 
confirmed that their microcapsules had not been ruptured when scraped by the doctor or subjected to th 
nip pressure. 

25 

Example 8: 

Mixed with stirring were 32.8 parts of the microcapsule slurry obtained in Example 4, 2.5 parts of 
30 Reaction Product No. I obtained In Preparation Example 1, 0.6 part of a styrene-butadiene latex (solid 
content: 50%), 4 parts of talc (average particle size: 5.8 um; maximum particle size: 9.0 urn) and 11.1 parts 
of water, thereby preparing a water-base coating formulation the solid content and viscosity of which were 
30% and 35 cps (35 m Pa s). The coating formulation will hereinafter be designated as "Water-Base 
Coating Formulation No. XIII". ~.~ 
35 * It was thereafter applied by a Meyer bar coater onto a 70 g/m 2 high-quality paper web to give a dry 
coat weight of 4.8 g/m 2 and the thus-coated paper web was then dried to obtain CB-sheets for carbonless 
copying paper. 



40 Example 9: 

Mixed with stirring were 153.8 parts of the slurry of microcapsules with melamine resin walls obtained in 
Example 1, 37.5 parts of Reaction Product No. I of Preparation Example 1,10 parts of talc (average particle 
size: 8 um), 25 parts of wheat starch particles (average particle size: 20 am) and 215.3 parts of water, 
45 thereby obtaining a water-base coating formulation (solid content: 30%; viscosity: 13 cps - 13 m Pa s). 

The water-base coating formulation was applied by an air-knife coater onto a 50 g/m 2 base web for 
carbonless copying paper to give a dry coat weight of 4.0 g/m 2 , and the thus-coated paper web was then 
dried to obtain CB-sheets for carbonless copying paper. 

Carbonless copying paper sheets which had been obtained by using the CB-sheets prepared in 
so Examples 5-9 respectively were then tested with respect to their color-producing performance, pressure 
smudge resistance, fractional smudge resistance and degrees of microcapsule rupture. Test results are 
summarized in Table 2. 



65 
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TABLE 2 







Performance evaluation of obtained carbonless copying paper 


Ex. 


Coating method 


Typewriter 

color 
production 


Pressure 
smudge 
resistance 


Frictional 
smudge 
resistance 


Rupture of 
microcapsules 


Overall 
evaluation 






1 min. 
later 


24 
hrs. 
later 


Before 
test 


After 
test 


Before 
test 


After 
test 






Ex. 5 


Blade coater 


53.2 


50.3 


89.9 


82.3 


89.9 


85.8 


Not rupfd 


® 


Ex. 6 


Air-Knife_ coater. 


53.4._„ 


4a.8_ . 


_ 89.9_„ 


___8j,8_ 


_„ 89.9_ . 


85.9 


... Not rupt'd 


©, 










Ex. 7 


Bar coater 


58.1 


50.8 


89.9 


82.8 


89.9 


85.0 


Not rupfd 


® 


Ex. 8 


Gravure roll coater 


54.1 


50.8 


89.9 


82.5 


89.9 


85.0 


Not rupt'd 


® 


Ex.9 


Air-Knife coater 


53.5 


50.1 


89.9 


84.0 


89.9 


84.8 


Not rupfd 


® 


Note: <§) : Excellent. 



25 Example 10: 

Following the procedure of Example 1, the microencapsulation of Crystal Violet Lactone and Benzoyl 
Leucomethylene Blue was completed and the odor of formalin was then caused to vanish. Thereafter, 
153.85 parts of the microcapsules, 40 parts of a carboxyl-modified styrene-butadiene rubber (SBR) latex 

30 (glass transition point: -5* C; solid content: 50 wt.%) and 30 parts of a 50% aqueous talc suspension, which 
had been obtained by dispersing talc (average particle size: 2.8 iim; maximum particle size: 8 urn) in the 
presence of a small amount of sodium dioctylsulfosuccinate were stirred and mixed to obtain a white water- 
base coating formulation having a solid content of 60.3% and viscosity of 800 cps (0.8 Pa s) at 25 °C 
measured on a Brookfield viscometer. 

35 The water-base coating formulation was applied by a sheet blade coater (manufactured by Kumagai 
Rika K.K.) onto a 50 g/m 2 base web for carbonless copying paper to give a dry coat weight of 3.2 g/m 2 
(coating speed: 550 m/min) and the resultant coated paper web was dried to obtain CB-sheets for 
carbonless copying paper. 

40 

Example 11: 

In the same manner as in Example 2, a core material of the same type as that employed in Example 1 
was microencapsulated to obtain a microcapsule slurry. 

45 Mixed with stirring were 256.4 parts of the microcapsule slurry, 20 parts of a carboxyl-modified MSBR 
(methyl methacrylate-styrene-butadiene rubber latex; solid content: 50%) having a glass transition point of 
0° C, 30 parts of talc having an average particle size of 4.9 jxm (maximum particle size: 20 um), 30 parts of 
a 20% aqueous solution of phosphate-esterified starch and 327 parts of water, thereby preparing a water- 
base coating formulation having a solid content of 22% and viscosity of 11 cps (11 m Pa s) at 25* C. The 

so water-base coating formulation was then applied Onto a 40 g/m 2 base web for carbonless copying paper to 
give a dry coat weight of 3.4 g/m 2 and the thus-coated paper web was dried to obtain CB-sheets for 
carbonless copying paper. 



ss Example 12: 

The same slurry of microcapsules with melamine resin walls as that prepared in Example 10 was used. 
Mixed with stirring were 1,538 parts of the microcapsule slurry, 500 parts of a carboxyl-modified MBR 
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(methyl methacrylate-butadiene rubber latex; solid content: 50%) having a glass transition point of + 5*C, 
600 parts of a 50% talc dispersion which had been prepared in advance by dispersing talc having an 
average particle size of 3.1 um (maximum particle size: 10 um) in the presence of a small amount of an 
anionic high polymer surfactant, and 462 parts of water to obtain a water-base coating formulation. The 
5 water-base coating formulation of this Example had a solid content of 50 wt.% and viscosity of 450 cps 
(0.45 Pas) at 25* C. 

The water-base coating formulation was applied by a gravure coater onto a high-quality paper web of 
50 g/m 2 to give a dry coat weight of 3.5 g/m 2 and the resultant coated paper web was dried to obtain CB- 
sheets for carbonless copying paper, 
w it was confirmed by a scanning electron microscope that the microcapsules on the CB-sheets of this 
Example had not been ruptured when scraped by the doctor or passed under the nip pressure. 



Example 13: 

15 

Mixed with stirring were 32.8 parts of the microcapsule slurry obtained in Example 4, 6 parts of an 
acrylic emulsion (solid content: 50%; glass transition point: -2* C) which had been obtained by using 
acrylonitrile and ethyl acrylate and relying upon the emulsion polymerization process, 5 parts of talc and 
16.2 parts of water, thereby obtaining a water-base coating formulation (solid content: 30%: viscosity: 30 
20 cps • 30 m Pa s). The coating formulation of this Example was then applied by a Meyer bar coater onto a 
high-quality paper web having a basis weight of 70 g/m 2 to give a dry coat weight of 4.0 g/m 2 and the thus- 
coated paper web was dried to obtain CB-sheets for carbonless copying paper. 



25 Example 14: 

Mixed were 153.8 parts of the slurry of microcapsules with melamine resin walls obtained in Example 1, 
30 parts of SBR (solid content: 50%) having a glass transition point of 0*C, 10 parts of talc having an 
average particle size of 8 am, 25 parts of wheat starch particles having an average particle size of 20 um 

30 and 281.2 parts of water to obtain a water-base coating formulation (solid content: 30 wt.%; viscosity: 12 
cps - 12 m Pa s). The coating formulation was applied by an air-knife coater onto a 50 g/m 2 base web for 
carbonless copying paper to give a dry coat weight of 4.0 g/m 2 and the thus-coated paper web was dried to 
obtain CB-sheets for carbonless copying paper. 

Carbonless copying paper sheets which had been obtained by using the CB-sheets prepared in 

as Examples 10-14 respectively were then tested with respect to their color-producing performance, pressure 
smudge resistance, frictional smudge resistance and degrees of microcapsule rupture. Test results are 
summarized in Table 3. 



40 



45 



50 
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TABLE 3 







Performance evaluation of obtained carbonless copying paper 


Ex- 


Coating method 


Typewriter 

color 
production 


Pressure 
smudge 
resistance 


Frictional 
smudge 
resistance 


Rupture of 
microcapsules 


Overall 
evaluation 


1 min. 
later 


24 
hrs. 
later 


Before 
test 


After 
test 


Before 
test 


After 
test 


Ex. 10 


Blade coater 


53.8 


50.9 


89.9 


82.1 


89.9 


85.3 


Not rupfd 


© 


Ex. 11 


Air-Knife coater 


- 53.5 .... 


- 50.4 


89.9 


82.3 


89.9:- 


85.4- 


Not rupfd 


® ._ 


Ex. 12 


Gravure roil coater 


54.3 


50.7 


89.9 


82.5 


89.9 


84.1 


Not rupfd 


o 


Ex. 13 


Bar coater 


58.1 


50.8 


89.9 


81.5 


89.9 


84.1 


Not rupfd 


o 


Ex. 14 


Air-Knife coater 


53.7 


50.6 


89.9 


84.3 


89.9 


85.4 


Not rupfd 


© i 


Note: <i 


2) : Excellent; O : Good. 



The present invention will be described further by the following Examples and Comparative Examples in 
which single-layered self-contained carbonless recording sheets of this invention were produced. To 
25 evaluate the performance of each single-layered self-contained carbonless recording sheet, the following 
tests were also conducted in addition to the tests effected for the evaluation of performance of the above- 
described carbonless copying paper. 



30 (a) Moisture and heat resistance: 

The carbonless recording sheet obtained in each of the Examples was held for 10 hours in an air- 
conditioned chamber of 50 °C and 95% R.H. (relative humidity). The reflectance of the sheet was measured 
by a Hunter colorimeter both before and after the test. The degree of color smudge developed due to the 
35 moisture and heat was expressed in terms of the difference between the reflectance before the test and that 
after the test. The larger the difference, the greater the smudge by the moisture and heat, especially, by the 
moisture. 



40 (b) Solvent resistance of produced color marks: 

Carbonless recording sheets of each of the Examples were typed to produce color marks. The color- 
produced side of each of the recording sheets was brought into close contact with a commercial vinyl 
chloride film which contained 30% of di-n-butyl phthalate as a plasticizer. After covering both sides of the 
45 thus-superposed recording sheet and film by glass plates, they were held at 60 *C for 8 hours in a dark 
place and the recording sheet was then observed visually to find out how much the produced color marks 
remained. 



50 Preparation Example 3: 

One hundred parts of phenylxylyiethane ("Hi-Sol SAS-296", trade name; product of Nippon Petrochemi- 
cal Co., Ltd., Tokyo, Japan) containing 4 wt.% of Crystal Violet Lactone dissolved therein were mixed with 
200 parts of an aqueous solution of a styrene-maleic anhydrid copolymer, the pH of which solution had 
55 been adjusted to 5.4. The resultant mixture was emulsified in a high-speed mixer to obtain an o/w emulsion. 
A melamine-formaldehyde initial condensation product, which had been prepared by adjusting the pH of the 
mixture of 20 parts of melamine and 45 parts of 37% formalin to 8.5 and then heating the resultant mixture 
to 80* C, was added to the above emulsion. The temperature of the resulting system was adjusted to 70* C, 
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at which the contents were reacted for 1 hour to obtain a microcapsule sfurry containing the dyestuff 
precursor. The microcapsule slurry will hereinafter be designated as "Microcapsule Slurry (A)\ Its 
microcapsules had an average diameter of 3.5 urn. 

5 

Preparation Example 4: 

To 111.7 parts of an aqueous solution (pH 4.5) obtained by diluting with water 30 parts of a 20% 
aqueous solution (viscosity: 150 cps (0.15 Pa s) at 25* C) of a terpolymer having a monomer composition 

io consisting of 0.08 mole of 2-acrylamide2-methylpropanesulfonic acid. 0.58 mole of acrylic acid and 0.36 
mole of acryionitrile, 130 parts of alkylnaphthalene ("KMC-113", trade name; product of Kureha Chemical 
Industry Co., Ltd.. Tokyo, Japan) with 4.0 parts by weight of Crystal Violet Lactone dissolved therein were 
added. The resultant mixture was emulsified in a homomixer to obtain an o/w emulsion having an average 
droplet size of 3.5 urn 10 minutes later. After adding with stirring 36 parts of an aqueous solution (solid 

/5 content: 80%) of methylated methylolmelamine resin, the resultant system was heated to 60 *C and the 
contents were subjected to condensation for 2 hours. Then, the resultant mixture was cooled to complete 
the microencapsulation. In order to get rid of remaining formaldehyde, a small amount of 28% aqueous 
ammonia was added to raise the pH of the mixture to 8.0. As a result, the odor of formalin vanished. The 
thus- obtained microcapsule slurry had a solid content of 60% and its viscosity was 90 cps (90 m Pa s) at 

20 25 # C. 



Example 15: 

25 





Solid 
proportion 


Microcapsules of Preparation Example 3 


100 


p-Phenylphenol resin (40% dispersion) 


30 


Wheat starch particles 


60 


Reaction Product [III] (30% emulsion) 


50 


Kaolin clay 


50 


20% Aqueous solution of oxidized starch 


30 



Reaction Product [III] was a milky emulsion (solid content: 30%) which had been obtained by mixing an 
MSBR latex (glass transition point 16° C) consisting of 30 wt.% of styrene, 30 wt.% of methyl methacrylate 
and 40 wt.% of butadiene with acrylamide and acrylic acid in amounts of 40 solid parts and 10 solid parts 
respectively per 100 solid parts of the MSBR latex. 

A water-base coating formulation of the above composition, which had a solid content of 25 wt.%, was 
prepared and was then applied by a Meyer bar coater onto a high-quality paper web of 50 g/m 2 to give a 
dry coat weight of 8 g/m 2 . Then, the thus-coated paper web was dried to obtain self-contained carbonless 
recording sheets (I). 



Example 16: 



55 
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Solid 
proportion 


Microcapsules of Preparation Example 4 


100 


p-Phenylphenol resin (40% dispersion) 


40 


Wheat starch particles 


50 


Reaction Product [IV] 


80 


Calcined kaolin 


50 


Stearic acid amide 


20 



Reaction Product [IV] was a milky emulsion (solid content: 40%) which had been obtained by mixing an 
SBR latex (gl ass transition point: -1 * C) with acryla mide and methac rylamide in ainoyjrtsjrt.^ 
and 5 solid parts respectively per 100 solid parts of the SBR latex. 

A water-base coating formulation of the above composition, which had a solid content of 30 wt.%, was 
prepared and was then applied by an air-knife coater onto a high-quality paper web of 50 g/m 2 to give a dry 
coat weight of 9 g/m 2 f thereby obtaining self-contained carbonless recording sheets (m). 



Example 17: 







Solid 


25 




proportion 




Microcapsules of Preparation Example 4 


100 




Acid clay (product of Mizusawa Chemical Industries, Ltd.. Osaka, Japan) 


100 




Wheat starch particles 


40 


30 


Reaction Product [IV] 


70 


Calcium carbonate 


20 



A water-base coating formulation of the above composition, which had a solid content of 25 wt.% and 
35 was adjusted to pH 10.5 with an aqueous NaOH solution, was prepared. In the same manner as in Example 
15, self-contained carbonless recording sheets (n) were obtained. 



Comparative Example 6: 





Solid 
proportion 


Microcapsules of Preparation Example 4 


100 


p-Phenylphenol resin 


30 


Wheat starch particles 


60 


Kaolin clay 


50 


20% Aqueous solution of oxidized starch 


80 



A water-base coating formulation of the above composition, which had a solid content of 25 wt.%, was 
prepared and was then applied by a Meyer bar coater onto a high-quality paper web of 50 g/m 2 to give a 
dry coat weight of 8 g/m 2 , thereby obtaining self-contained carbonless recording sheets (o). 



Comparative Example 7: 
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Solid 
proportion 


Microcapsules of Preparation Example 4 


100 


p-Phenylphenol resin 


30 


Wheat starch particles 


60 


Calcium carbonate 


50 j 


Polyvinyl alcohol (10% aqueous solution) 


40 



10 

A water-base coating formulation of the above composition, which had a solid content of 25%, was 
prepared. In the same manner as in Example 15, self-contained carbonless recording sheets (p) were 
obtained. 

T5 

Comparative Example 8: 





Solid 
proportion 


Microcapsules of Preparation Example 4 


100 


p-Phenylphenol resin 


30 


Wheat starch particles 


60 


Calcium carbonate 


50 


SBR latex 


40 



30 A water-base coating formulation of the above composition, which had a solid content of 25 wt.%. was 
prepared. In the same manner as In Example 15. self-contained carbonless recording sheets (q) were 
obtained. 



35 Example 18: 



40 




Solid 
proportion 




Microcapsules of Preparation Example 4 


100 




Zn-Modified p-octylphenol-phenol co-condensation resin (50% dispersion) 


40 




Reaction Product [V] (43% emulsion) 


80 




Calcined kaolin 


50 


45 


Calcium stearate 


20 



Reaction Product [V] was a milky and viscous emulsion (solid content: 43%) which had been obtained 
by mixing and polymerizing an acrylate-type latex (glass transition point: -1 # C) consisting of 40 wt.% of 
styrene, 42 wt.% of methyl methacrylate. 3 wt.% of acrylic acid and 15 wt% of butyl acrylate with 
acrylamide in an amount of 50 solid parts per 100 solid parts of the acrylate-type latex. 

A water-base coating formulation of the above composition, which had a solid content of 50 wt.%, was 
prepared and was then applied by a blade coater onto a high-quality paper web to give a dry coat weight of 
7 g/m 2 , thereby obtaining self-contained carbonless recording sheets (r). 

The water-base coating formulation of this Example, which was suited for the production of self- 
contained carbonless recording sheets, was able to provide self-contained carbonless recording paper 
having necessary and sufficient pressure resistance and frictional stability in spite of its exclusion of coarse 
particulate stilt, such as starch particles or the like, which has been believed to be an essential component 

21 
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for a coating formulation for carbonless copying paper of the microcapsule type^ 

When a coating formulation making use of a stilt was employed and a blade coate was used <t is 
practicably impossible to conduct its application because the stilt in the form of coarse particles was almost 
Saped off by the blade. The water-base coating formulation of this Example perm.tted h.gh-speed blade 
coating and was expected to achieve a substantial improvement to the productivity. 



Comparative Example 9: 



w 



75 





Solid 
proportion 


Microcapsules of Preparation Example 4 

Zn-Modified p-octylphenol-phenol co-condensation resin 

Calcined kaolin 

Calcium stearate 

SBR latex 

20% Aqueous solution of oxidized starch 


— 100 — 
40 
50 
40 
40 
20 



20 



25 



A water-base coating formulation of the above composition, which had a solid content of 50 wt /<>, was 
prepaid in me same manner as in Example 17, it was then applied by a blade coater onto a 
papeTweb to give a dry coat weight of 7 g/m*. thereby obtaining self-contained I carbonless ^ 
(s) The carbonless recording sheets of this Comparative Example were to sensifve to pressure and fr.ct,on. 
Therefore, they tended to develop smudge and were impractical. 



30 



Comparative Example 10: 



35 



40 





Solid 
proportion 


p-Octylphenol-phenol co-condensation resin 
("S-Resin", trade name: product of Mitsui-Toatsu 
Chemicals, Inc.) 
Kaolin clay 
SBR latex 

Aqueous solution of oxidized starch 


20 

100 
6 
9 



45 



50 



A water-base coating formulation of the above composition, which had a solid content of 25/,. was 
applied by a Meyer bar coater onto the microcapsule-bearing surface of a commercial carbonless paper 
(CCB-sheet) coated with microcapsules which had been obtained in accordance with the gelatin complex 
coacervation technique, thereby obtaining double-layered self-contained carbonless recording sheets (Q. 
Since the microcapsule layer and its corresponding color-developing layer were located apart from each 
SlTtTSXew recording sheets of this Example, the carbonless recording sheets had relatively 
goi smudge^esistance against Miction and the like. However, the density of a color produced thereon was 
low. Furthermore, they tended to develop considerable smudge under hot and wet conditions. 



.65 



Comparative Example 11: 



Forty parts of p-phenylphenol resin ("Re-Resin", trade nam ; product of Mitsui-Toatsu Chemicals Inc. 
were dissolved wit!T heating in 60 parts of pheylxyfylethane. By using the thus-prepared solution as an Inner 
phase, microencapsulation was conducted in the same manner as in Preparation Example 4. 
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10 



IS 



Microcapsules of Preparation Example 4 (dyestuff precursor) 
Microcapsules obtained in this Comparative Example (color-developing agent) 
Wheat starch particles 
Kaolin clay 

20% Aqueous solution of oxidized starch 



. Solid 
proportion 



100 
100 
500 
60 
100 



A water-base coating formulation of the above composition was prepared. In the same manner as in 
Example 15, it was applied onto a high-quality paper web to give a dry coat weight of 8.0 g/m 2 , thereby 
obtaining self-contained carbonless recording sheets (u). Since the recording sheets (u) of this Comparative 
Example used two types of microcapsules in combination, they require an additional microencapsulation 
step for the color-developing agent and moreover, their color-producing performance and smudge resis- 
tance were not considered to be sufficient. 



20 



Examples 19: 



25 



30 





Solid 
proportion 


Microcapsules of Preparation Example 4 


100 


Zn Salt of salicyclic 


30 


acid-p-nonylphenol-formaldehyde co-condensation 




resin (50% aqueous emulsion) 




Reaction Product [V] 


60 


Calcium carbonate 


50 


Fine particulate talc (average particle size: 2.9 urn) 


19 



35 * A water-base coating formulation of the above composition, which had a solid content of 40%, was 
prepared and was then applied by a gravure coater onto a high-quality paper web to give a dry coat weight 
of 8 g/m 2 . The thus-coated paper web was thereafter dried to obtain self-contained carbonless recording 
sheets. 

Similar to Example 18, the sheets of this Example had sufficient pressure resistance and frictional 
40 stability in spite of their exclusion of large particulate stilt 

The performance of the self-contained carbonless recording sheets of Examples 15 - 19 and Compara- 
tive Examples 6-11 was evaluated. Evaluation results are summarized in Table 4. 
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Claims 

5 

1 . A microcapsule-containing water-base coating formulation comprising as essential components: 

(i) microcapsules making use of a synthetic resin as a wall-forming material; 

(ii) a high polymer latex having a glass transition point of 60* C or lower; and 

(iii) talc. 

w 2. The water-base coating formulation according to claim 1, wherein per 100 parts by solid weight of the 
microcapsules making use of the synthetic resin as the wall-forming material, the high polymer latex having 
the glass transition point of 60° C or lower and the talc are contained in amounts of 2 - 50 parts by solid 
weight and 3 - 1 00 parts by solid weight respectively. 

3. A copying and/or recording material comprising a substrate and a coating layer thereon comprising 
15 or prepared from a water-base coating formulation according to claim 1 or claim 2. 

4. A copying and/or recording material according to claim 3, which constitutes a CB-sheet, the 
microcapsules of the coating formulation containing a developable dye precursor. 

5. A copying and/or recording material according to claim 3 which constitutes a double-layer, self- 
contained carbonless recording sheet, the sheet having one layer wherein microcapsules of the coating 

20 formulation contain a developable dye precursor and a second layer containing a color developing agent 
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